Calcium is involved in many aspects of synaptic plasticity and we have analyzed its involvement in spinule dynamics at retinal horizontal cell dendrites. We show here that in particular the retraction of spinules is a CaZ÷-dependent process. Inhibiting calmodulin or CaMKII, blocked the retraction that was also impaired in low calcium Ringer. Changes of the cytosolic CaZ÷-concentration through depletion of internal Ca2+-stores were without effect. This suggested that Ca2+-influx during dark adaption and subsequent activation of CaMKII is an important step for spinule retraction. Voltage 
INTRODUCTION
The formation of spinules at the terminal dendrites of retinal horizontal cells with the onset of light and their subsequent retraction daring darkness is a remarkable example of synaptic plasticity where sensory experience modifies reversibly, and on a time scale of minutes the ultrastructure of synaptic connectivity (Weiler & Wagner, 1984; Wagner & Djamgoz, 1993; Montague, 1993) .
Horizontal cells of the vertebrate retina are second order neurons that invaginate with their dendrites the synaptic endings of the photoreceptors and functionally similar horizontal cells are coupled through gap junctions. Their major output is an inhibitory feedback onto the photoreceptors. The negative feedback loop between horizontal cells and photoreceptors is important for gain control, spatial resolution, and color opponency [for a review see Dowling (1987) ].
In the teleost retina, the light responses of some of the horizontal cell populations are color-coded (Norton et al., 1968; Weiler, 1978) . The spectral responses of these chromaticity-type horizc,ntal cells, however, change with the adaptation status of the retina. These changes are paralleled by the formation and retraction, respectively, of spinules from the cone-invaginating dendrites of cone horizontal cells (Weiler & Wagner, 1984) . Since coloropponency in chromaticity-type horizontal cells results from the negative feedback loop (Stell et al., 1975; Kamermans et al., 1989b; Kamermans et al., 1989a; Murakami et al., 1982) , its loss was assumed to result from a loss of feedback and consequently spinules were regarded as the site of the feedback synapses and as presynaptic structures (Weiler & Wagner, 1984; Djamgoz et al., 1989; Kirsch et al., 1990; Ter-Margarian & Djamgoz, 1992) .
The molecular constitution of spinules is only basically known and so are the cellular mechanisms of their dynamic behavior. Their formation involves the activation of protein kinase C and an intact actin network (Weiler et al., 1991; Ter-Margarian & Djamgoz, 1992; . Whether activation of protein kinase A is involved is questionable since activation of cAMP does only induce spinule formation in the in vitro situation (Behrens et al., 1992) but not in the in vivo situation (Kohler & Weiler, 1990) . The retraction of spinules is mimicked by an injection of glutamate, the cone neurotransmitter, into the vitreous (Weiler et al., 1988) . Subsequent analysis has revealed that the action of glutamate is mediated by an ionotropic ~-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)/kainate-type receptor (Weiler & Schultz, 1993) .
Furthermore, activation of calcium/calmodulin dependent protein kinase II (CaMKII) is needed for retraction 3892 R. WEILER et al. (Weiler et al., 1996) . Spinules do have prominent membrane densities at their tips (Wagner, 1980) that morphologically compare favorably with postsynaptic densities, and the identification of CaMKII as a key enzyme in spinule dynamics is in line with such a comparison. In this case, spinules would observe a postsynaptic role. The present study investigated a possible source of calcium that links the activation of an AMPA/kainate-type receptor with the activation of CaMKII needed for retraction. We found that local calcium influx at the terminal dendrites through AMPA/ kainate-gated channels is an important step for the retraction of spinules. It follows that AMPA/kainate receptors and CaMKII are most likely present in spinules, favoring a postsynaptic functional role for spinules. This idea was supported by an analysis of the spatial distribution of omega-shaped, bound vesicles within the cone pedicles.
METHODS
All experiments were done with carps of 14-20 cm body length that were obtained from a commercial supplier. They were maintained at least 1 week prior to the experiments in an aerated tank under a strict 12 hr light-12 hr dark cycle. Experiments that required lightadapted animals were carried out during daytime, between 11.00 and 15.00 hr and each animal was kept for 4 hr in a smaller tank that was illuminated with a 100 W tungsten lamp.
Experiments that required dark-adapted animals were carried out during night-time.
Drug effects on spinule retraction
For the in vitro analysis the fish was decapitated, the eyes enucleated and hemisected under bright light. The posterior eyecups were placed in a vial containing 10 ml of standard Ringer (90 mM NaC1, 2.5 mM KC1, 0.5 mM MgCI2, 2.5 mM CaC12, 25 mM NaHCO3, 10 mM glucose) that was constantly bubbled with 95%O2/5%CO2, maintaining the pH at 7.3. In some experiments, this Ringer was replaced for the right eye by either low calcium Ringer alone (0 mM CaCI2), low calcium Ringer containing ~-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA, 10 #M) or standard Ringer containing a specific drug. The left eyecup always served as a control and was left in the standard Ringer. According to the experiment, both eyecups were then left for 45 min in complete darkness or in bright light, in some experiments they were kept for a longer period in the light. At the end of this period, the eyecups were immediately transferred into the fixative (1% paraformaldehyde, 2.5% glutaraldehyde, 3% sucrose in 0.05 M phosphate buffer at pH 7.3) and kept for 2 hr either in darkness or in bright light. Both eyecups were then fixed overnight at 4°C in the same, fresh fixative. The following day the retina was detached, washed, and prepared for ultrathin sectioning using conventional protocols.
For the in vivo experiments, the drugs were injected (10 /d) into the right eyeball of a light-adapted, anesthetized animal as previously described (Weiler & Schultz, 1993) . The left eye served as a control and received an injection of standard Ringer solution. The following drugs were used: AMPA; cobalt chloride; caffeine; thapsigargine; nifedipine; calmidazolium; and [N,O-bis(5-isoquinolinesulfonyl)-N-methyl-L-tyrosyl]-4-phenylpiperazine (KN-62). AMPA and nifedipine were obtained from Tocris Neuramin, caffeine from Sigma, and calmidazolium, thapsigargine and KN-62 from Calbiochem. The given concentrations of the drugs are estimated ocular concentrations based on the concentration of the injected volume and the size of the eyeball. Thapsigargine, nifedipine, calmidazolium, and KN-62 were dissolved in DMSO (final concentration 0.01%), all other drugs were dissolved in standard Ringer. Preliminary experiments revealed that calmidazolium was most effective when it was injected 2 hr prior to dark adaptation and KN-62 1 hr prior to dark adaptation. Dark adaptation lasted for 45 min after which the animal was decapitated in darkness. The eye was enucleated and hemisected under dim red light and immediately immersed into the fixative. The subsequent procedure was the same as described for the in vitro experiments. AMPA was injected in bright light, and the animal was left in the light for 45 min. All subsequent steps were also carried out in the light.
A quantitative evaluation of spinule expression was achieved in tangential sections of the outer plexiform layer by counting the number of spinules per synaptic ribbon (SPR) in a minimum of 30 randomly distributed cone pedicles from three to six animals (Weiler & Schultz, 1993) . Standard deviations were included in the histograms.
Phosphorylation patterns of isolated horizontal cells
Enriched fractions of horizontal cells were prepared from dark-adapted fish retinas as described before . Following the isolation, the cells were either directly used for the analysis of the calcium/calmodulin-dependent protein phosphorylation or for studying the effect of calmidazolium on the endogenous phosphorylation of horizontal cell proteins.
For the first assay aliquots (10/~g of protein) of the horizontal cell homogenates were preincubated for 5 min at 4°C in a Tris/Cl-buffer, pH 7.4 (20 mM Tris, 10 mM MgCI2, 0.6 mM CaCI2, 0.5 mM EGTA, 1 mM PMSF, 0.05% Triton X-100, 10 #g/ml aprotinin, and 2/tg/ml leupeptin) in the absence (control) or presence of 1 mM CaC12 alone or 1 mM CaC12 and 50 pg/ml calmodulin (Sigma). Then the phosphorylation reaction was initiated by the addition of 2/tCi [~-32p]ATP (NEN/DUPONT, S.A. 3000 Ci/mmol, final concentration 10/tM). The reaction was carried out in a final volume of 40/tl for 1 min and terminated by the addition of 20 #1 concentrated SDS-sample buffer (30% glycerol, 3% 2-mercaptoethanol, 9% SDS and 187.5 mM Tris/Cl, pH 6.8) and boiling of the samples for 1 min. For testing the effect of calmidazolium, the isolated horizontal cells were preincubated in oxygenated L15 medium, pH 7.4 for 10 min at RT for equilibration before calmidazolium (final
n," 0_ 0O concentration 5 #M) or the vehicle (0.01% DMSO) were added. The incubation was continued for further 5 min. Subsequently the cells were depolarized by adding KC1 (final concentration 40 raM) to stimulate Ca 2+ influx and were pelleted by centrifugation 5 min later. The pellets were homogenized in 40 #1 of the Tris/Cl-buffer (see above) and aliquots (10/~g of protein) of the samples were subjected to in viJ;ro phosphorylation as described above for the control conditions. Phosphorylated proteins were separated by SDS-gel electrophoresis on 7.5-15% linear gradient gels. To visualize the protein patterns of the samples, the gels were stained (0.2% Coomassie Brilliant Blue, 50% methanol, 10% acetic acid) and destained (10% methanol, 10% acetic acid) overnight. The stained gels were dried on Whatman 3MM paper and subjected to autoradmgraphy. Apparent molecular weights were estimated by comparison with molecular weight standards and protein was assayed by the method of Bradford (1976) using BSA as a standard.
Quantification of bound vesicles
Experiments were done with light-adapted retinas of carp at RT. Retinas were removed from the eyecup and incubated in about 25 ml standard Ringer (NaC1 116 mM, KCI 2.6 mM, MgC12 0.5 mM, CaC12 2.5 mM, HEPES 2 mM, pH 7.4), high potassium Ringer (NaC1 25 mM, KC1 90 mM, MgC12 0.5 mM, CaC12 2.5 mM, HEPES 2 mM, pH 7.4), or Ca2+-free high potassium Ringer. Ringer solutions were constantly bubbled with 02. Retinas were incubated in high potassium Ringer for either 30 sec, 3 min, or 20 min, 20 min in high potassium Ringer following 20 min in standard Ringer, or 10 min in Ca2+-free standard Ringer following 3 min in Ca2+-free high potassium Ringer. Controls were done in standard Ringer for corresponding times.
Standard procedures for electron microscopy followed the incubation. Retinas were fixed in 1% paraformaldehyde, 2.5% glutaraldehyde, 3% sucrose in 0.05M phosphate buffer pH 7.4 overnight at 4°C, washed, postfixed in 1% OsO4 for 1 hr, stained en bloc in 2% uranyl acetate in 30% acetone for 1 hr, dehydrated in a series of 50-100% acetone and embedded in Epon. Ultrathin tangential sections were obtained on an Ultracut E (Reichert-Jung) and following counterstaining in uranyl acetate and lead citrate sections were evaluated in a Zeiss electron microscope EM 901.
RESULTS
In a light-adapted retina, spinules are easily identified by their characteristic morphology [ Fig. l(a) ]. They protrude from the terminal dendrites of horizontal cells into the cone pedicles, are about 500 nm long and have membrane densities at their tip and partially along their shaft. In a dark-adapted retina, these spinules have disappeared [ Fig. l(b) ] through retraction. The number of SPR in a light-adapted retina is about 2.5 and this number drops to about 0.5 in a dark-adapted retina [Fig. l(c) ]. This typical drop of the number of spinules during dark adaptation did not occur when calmodulin or CaMKII in the retina were blocked through injection of corresponding inhibitors into the vitreous (Fig. 2) . Calmodulin is present in horizontal cells of different species (Pochet et al., 1991; Schmitz et al., 1995) and its activity can be blocked by the specifc anatagonist calmidazolium [R-24571; for a review see Hidaka & Ishikawa (1992) ]. Calmidazolium (100/~M) was injected into one eye of a light-adapted animal that was kept for 2 hr in the light and was subsequently dark-adapted for 45 min. The SPR value of the control retina dropped to 0.57_ 0.29 whereas the SPR value of the treated retina remained at a level of 2.34 ___ 0.53 that is typical for a light-adapted retina, indicating strong inhibition of the spinule retraction mechanisms during dark adaptation.
The involvement of calmodulin in spinule retraction suggested an active role for CaMKII, the most prominent calmodulin-dependent protein kinase in brain. This enzyme can be specifically inhibited by the newly developed inhibitor KN-62 (Hidaka & Ishikawa, 1992) . KN-62 (5 #M) was injected into one eye of a lightadapted animal that was dark adapted for 45 min, 1 hr after the injection. While the control eyes showed SPR values of 0.68 ___ 0.36, the value of the treated eye was 2.49_ 0.55, indicating a robust inhibition of darkadapted spinule retraction (Fig. 2) .
Attempts to localize CaMKII immunocytochemically in horizontal cells of [he carp retina have failed so far, however, its presence in these cells was demonstrated biochemically. When homogenates of isolated and enriched horizontal cells were subjected to in vitro phosphorylation in the presence of 1 mM Ca 2+ or 1 mM Ca 2+ and 50 pg/ml cahnodulin, the incorporation of 32p
into a specific set of proteins (Mw: 56, 58, and 68 kDa) was significantly increased (24, 34, and 47%, respectively) as compared to the untreated controls, character- . This inhibitory action of calmidazolium on the endogenous protein phosphorylation in horizontal cells in particular affected those proteins which have been characterized as substrates for Ca2+/calmodulin-dependent phosphorylation (Fig. 3 , marked by arrow heads) . Taken together, these results strongly indicate that CaMKII, present in horizontal cells, mediates the darkness-induced retraction of spinules.
CaMKII depends on calcium for its activation and the following series of experiments was undertaken to analyze the source of this Ca 2÷.
If an eyecup preparation of a light-adapted animal was kept in normal Ringer solution and was subsequently dark-adapted, the number of spinules per synaptic ribbon decreased to 0.43_ 0.15, a value similar to the one obtained in the in vitro situation. If the eyecup was kept in a Ringer solution without Ca 2+, however, the SPR value remained high (1.82 _ 0.61) and was not significantly different from that of a light-adapted retina (Fig. 4) . The omission of Ca 2÷ in the Ringer did not affect the SPR value if the eyecup remained light adapted. Low calcium in the external milieu did also not affect the formation of spinules: the SPR value of a dark-adapted retina kept in low calcium Ringer that was subsequently light adapted did not differ from that of the control retina kept in standard Ringer during light adaptation. The effect of the external calcium concentration on spinule retraction suggested that the underlying activation of CaMKII depended on calcium influx. Therefore we addressed the question of the pathway by which external Ca 2÷ leaked into the horizontal cells. It had already been shown that activation of an AMPA/kainatetype receptor induces spinule retraction but that this AMPA-induced retraction is not present in an eyecup preparation kept in low calcium Ringer (Weiler & Schultz, 1993; Weiler et al., 1996) .
If a light-adapted retina was kept in a Ringer solution to which AMPA (10/~M) was added and then remained in the light for 45 min, the SPR value dropped to 0.81 + 0.39, a value that is not significantly different from that of a dark-adapted retina despite the fact that the eyecup was kept in the light. This AMPA effect was significantly impaired when the eyecup was kept in low calcium Ringer, the resulting SPR value was 1.98 + 0.54 and not different from the value of the controls (2.48 + 0.41; Fig. 5) .
The calcium-dependency of the AMPA-induced retraction could result from a direct Ca 2+ influx through the AMPA-gated channel or from Ca 2+ influx through voltage-dependent Ca 2+ channels. Both types of Ca 2+ currents have been localized in horizontal cells (Tachibana, 1985; Linn & Christensen, 1992; Pfeiffer-Linn & Lasater, 1993) . In order to test a possible involvement of voltage-dependent Ca 2+ channels, blockers of these channels were injected into the vitreous of one eye of light-adapted animals. Cobalt and nifedipine both, did not affect the SPR value of a light-adapted retina (data not shown). If the animal was subsequently dark adapted for 45 min, the SPR value of the drug injected retinas dropped to 0.79 _ 0.27 for cobalt and 0.46 + 0.16 for nifedipine and were similar to the ones of the control retinas (Fig. 6) . These results suggest that influx of Ca 2+ through voltage gated channels is not necessary for the retraction of spinules. This leaves Ca 2+ influx through the AMPAgated channels themselves as another possibility. The AMPA-induced retraction is also sensitive to blockade of calmodulin (Fig. 7) further emphasizing a possible link between the AMPA-gated Ca2+-influx and activation of CaMKII.
Taken together, the above results suggested a retraction scenario, by which Ca 2+ leaking through AMPAgated channels directly activated the nearby CaMKII. This hinted at a localization of AMPA receptors and CaMKII in the terminal dendrites of horizontal cells themselves, possibly in the spinules. In this case, spinules would have some prominent postsynaptic features. The following experiments were done to further shed light on this aspect.
Incubation for 30 sec of a retina in a Ringer solution with increased potassium concentration (90 raM) did not change the overall morphology of a cone pedicle [ Fig.  8(A) ]. Synaptic ribbons were visible surrounded by a chain of vesicles separated from the ribbon by fuzzy material. The ribbons were flanked by large, pale profiles from the terminal dendril:es of horizontal cells. Some of them showed the typical finger-like protrusions with membrane densities at their tips, identified as spinules. In some instances, spinules were cross-sectioned, featuring a rather round profile also characterized by the membrane densities lining the cytoplasmic side of the horizontal cell. While the overall morphology was not affected, the morphology of the vesicles clearly was. Many vesicles showed an increased volume and their diameter varied from normal to about 110 nm. Vesicles floating free in the cytoplasma showed a tendency to fuse with each other. Large vesicles were concentrated mainly near the horizontal cell terminals invaginating the cone pedicles. There was a clear increase in exocytotic events and vesicles of all sizes were included in this process. Vesicle fusion with the photoreceptor membrane was not only occurring at the base of the ribbon but also at the membrane adjacent to spinules. With few exceptions, vesicle fusion was always observed opposite the membrane densities of spinules.
Incubation of the retina for 3 min only slightly increased the number of enlarged vesicles but did not affect the number of vesicles fused with the photoreceptor membrane (data not shown). After 20 min the number of vesicles was clearly reduced, some pedicles were almost depleted. The remaining vesicles were clustered around the horizontal cell terminals [ Fig.  8(B) ]. If such a retina was transferred back into Ringer with a standard potassium concentration (2.5 mM) and left there for another 20 min, a recovery was observed. About 40% of the pedicles recovered and became undiscernible from pedicles of a control retina. If a retina was incubated for 10 min in a standard Ringer with no calcium and then in a calcium-free Ringer with high potassium for 3 min, the high potassium effect was hardly present. As Fig. 8(C) shows, only very few enlarged vesicles were found and there was no increased fusion with the membrane of the photoreceptors.
To achieve a more quantitative analysis, the number of fused, omega-shaped vesicles opposite to spinule membrane densities was counted in 30 cone pedicles of a retina incubated for 30 sec in high potassium Ringer and standard Ringer, respectively. In a standard Ringer only 0.07 vesicle per spinule was counted. This number significantly increased to 1.3 vesicle per spinule in high potassium Ringer (Fig. 9) .
A comparison of the location of fusion within a time series did not reveal differences and in accordance with previous reports (Ripps & Dowling, 1991) we assume that the potassium-induced release occurs at the same location as the dark-induced release.
Vesicle binding was found predominantly at the bases of the synaptic ribbons and at the tips of spinules. The latter binding was always restricted to the photoreceptor membrane that opposed membrane densities of spinules. The binding at both sites showed a strong Ca 2÷-dependency, making it very likely that transmitter release from the cone occurs at both sites.
DISCUSSION
Spinules at the terminal dendrites of horizontal cells are retracted during dark adaptation (Wagner, 1980; Weiter & Wagner, 1984) . Such a process most likely involves several modifications of the cytoskeletal elements and the involvement of actin has already been established (Ter-Margarian & Djamgoz, 1992; . At the same time, the glutamate activity at the cone photoreceptor synapse increases during dark adaptation and it appears that CaMKII is an important sensor that senses the increased averaged glutamate activity through an increase of calcium and then modifies several corresponding cytoskeletal proteins (Weiler et al., 1996) .
Inhibition of calmodulin or CaMKII itself did prevent the dark-induced retraction. Calmodulin has recently been localized immunocytochemically in the terminal dendrites of horizontal cells of the carp retina (Schmitz et al., 1995) . The biochemical data of this study suggest also the presence of CaMKII in horizontal cells. Increased phosphorylation of some CaMKII-dependent phosphoproteins was obtained following stimulation of endogenous CaMKII-activity in horizontal cell fractions. The presence of CaMKII has also been established in rat horizontal cells using immunocytochemistry (Ochiishi et al., 1994) . Given that calmodulin and CaMKII are present it is important to analyze the CaZ+-dependency of the retraction process.
The dark-induced retraction was blocked when the external calcium concentration was reduced confirming previous reports (Schmitz et al., 1995; Weiler et al., 1996) , and suggesting that indeed a calcium increase in the cytosol following dark adaptation is a necessary step for the retractive process. Presynaptic effects of the low external calcium concentration on transmitter release in this situation are very unlikely since the AMPA-induced retraction was also blocked.
It is important to note that the persistence of spinules in a light-adapted retina was not affected by a reduction of the external calcium concentration, indicating that the persistence does most likely not depend on sustained, calcium-regulated processes. The formation of spinules during light adaptation was slightly but not significantly impaired, pointing to a possible although minor contribution of calcium-regulated processes to this part of spinules dynamics (Weiler et al., 1991) .
The blocking effect of low external calcium concentration most likely results from a reduced entry of calcium during dark adaptation that normally occurs either through voltage-gated calcium channels or through ligand-gated channels that leak calcium. Indeed, it has been shown that spinules retraction can be induced through activation of an AMPA/kainate receptor (Weiler & Schultz, 1993) , whereas activation of NMDA or metabotropic glutamate receptors is without effect. During dark adaptation, glutamate activity increases and it is therefore likely that an AMPA/kainate-type of receptor mediates the dark-induced retraction. The data presented in this study make an involvement of Ca z+ leaked through voltage gated channels unlikely. Blockade of these channels with Co z+ or nifedipine did not impair the retraction of spinules. On the other hand, the AMPA-induced retraction was blocked in low calcium and when calmodulin was inhibited with calmidazolium. It therefore appears that Ca 2+ leaking through the AMPAgated channel itself might be responsible for the retraction. The existence of AMPA/kainate-type receptors leaking Ca z+ has been established in retinal horizontal cells (Linn & Christensen, 1992) . The observation that Ca 2+ leaking through voltage gated channels did not affect the spinule retraction but that most likely Ca 2+ leaking through a neurotransmittergated channel does, implies that this Ca 2+ effect is very localized within the cell and closely related to the localization of the channel. Since the CaZ+-mediated effect is here the retraction of spinules, the channel and CaMKII are likely localized at the spinules. At present there are no ultrastructural data about the localization of glutamate receptors on horizontal cells in vivo or the localization of CaMKII and final support for the above hypothesis is still awaited.
The above hypothesis would suggest a postsynaptic identity for spinules. Such an identity is supported by the finding of a CaZ÷-dependent increase of bound vesicles opposite spinules following high potassium Ringer stimulation. A comparison of the location of fusion within a time series did not reveal differences and in accordance with previous reports (Ripps & Dowling, 1991) , we assume that the potassium-induced release occurs at the same location as the dark-induced release.
Vesicle binding was found predominantly at the bases of the synaptic ribbons and at the tips of spinules. The latter binding was always restricted to the photoreceptor membrane that opposed membrane densities of spinules. The binding at both sites showed a strong Ca 2+-dependency, making it very likely that transmitter release from the cone occurs at both sites. This would imply that at least part of the membrane densities serve a postsynaptic function. Although their appearance in standard EM sections does not contradict this idea, it was not confirmed by a study using ethanolic phosphotungstic acid that normally labels postsynaptic proteins (Pfenninger, 1973) . Spinules did not reveal the characteristic labeling pattern and in addition, the pattern of the inner face of the outer lipid monolayer was not specialized (Wagner, 1980; Stell et al., 1982) .
On the other hand, the ribbon synapse between photoreceptors and horizontal cells differs in many functional respects from other synapses, for example, it does respond to slow, graded changes of the membrane potential (Hagins et al., 1970) and it might well be that it does not express the same proteins. For example, synapsin Ia, Ib, IIa, and IIb are not found in the ribbon synapses of photoreceptors and bipolar cells of many retinas (Nestler & Greengard, 1986; Koontz & Hendrickson, 1993) .
The electrophysiological studies conducted so far all demonstrated a clear correlation between the appearance of color-coded responses in chromaticity-type horizontal cells of the fish retina and the appearance of spinules (Weiler & Wagner, 1984; Djamgoz et al., 1988 Djamgoz et al., , 1989 Kirsch et al., 1990; Ter-Margarian & Djamgoz, 1992 (Yazulta et al., 1989) .
The postsynaptic character of the spinules would offer the possibility of a fine tuned modulation of the postsynaptic signal through their geometry as known for postsynaptic spines (Wickens, 1988) . The corresponding actin network is present in horizontal cells ). Furthermore, the membrane densities might harbor a high density of receptors and channels that decreases during the dissolution of spinules and also contributes to the modulation of the postsynaptic signal.
